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© Embryogenic callus and cell suspension of inbnuJ corn. 

© Embryogenic callus of corn inbred B73. embryogenic cell 
suspensions of ccrn inbred 873, clones of the emhiyogenic 
callus and cell suspensions of corn inbred B73. cum plants 
and the seed thereof regenerated from the embryogenic 
callus, embryogenic cell suspensions and clones of the 
embPiTogenic callus and embryogenic cell suspensicrts, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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ELMSRyPGE^JIC C^II^JS AND .CELL SU5?H^^SIa4 Or INBRED OTHM 

Fiel^ of the Invention 
The invention relates to enbryogenic callus of, com inbred B73 - 
a major coiTmercial inbred corn variety. Ihe invention also relates to 
cell suspensions derived from er^rvT^genic callus of com inbred 873. The 
cell suspensions iray be characterized as uniforri mixtures of srnbryogenic 
5 and other cells. Unexpectedly, the cell suspensions accorfing to the 
invention give rise to enbr>x:s of com inbred 373 under certain cultore- 
core it ions described hereinbelcw. The invention furtherrnore relates to 
viable seed-producir>g plants of com inbred 373 regenerated from the 
enbryogenic callus or erJDrycconic cell suspensions 'according to the inven- 

10 tion. Lastly, the invention concerns nutant and/or recombinant progeny of 
erbryogenic callus or embryogenic cell suspension and com plants regener- 
ated therefrom. Specific exctr^les of Lhe er-bryccenic callus of com. 
inbred 373, fron \^i<±i enbr^'ccenic cell suspensions may be derived, have 
been deposited Ln the AT.eric^n T^'pe Culture Collection 'under ATCC acces- 

15 sion ntrrber 40116 on April 1-5. 19S4. 

relevant Art 

2ea mays L., or com is a .T^jcr vvorlcwide cereal crup. Ln the 
continental United States alcrw, an estimated 82 million acres of com is 
planted yearly. A survey of the U. S. ccm ger:n piasr. base conducted in 
1979 accounting for 1.3 billion pounds of seed oom^ determined that corn 

20 irJbred 873 was used in the production of approximately 178.5 million- 

pounds of com hybrid seed. T^lis amount reflects approximately 14% of the 
total com seed required for the 1980 planting of 62 million acres of com 
" in the United States. B73 was vised to produce more hybrid corii seed than 
any other com inbred line in the 1979 survey. t's the major inbred corn 

25 line used in hv-brid com seed production, B73 is a carmercially important 
com inbred. Successful efforts to improve 373 are likely to have a major 
impact on the comnercial com seed business. 

Current rrv^thods for L-nproving inbred com lines are time cjn- 
stming, labor intensive, and risky. Thus, methods that reduce any of 
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< these problerrts would represent an advance in the cereal breeding arts. 
One inethod for inducirjg chaices in an inbred com seed line is acccfT>- 
plished by exposing inbred seed corn to a mutagen, whiah may be ionizing 
radiation or a rrutagenic chemical, growing the seed out> and screening the 
5 com plants for a desired characteristic such as decreased height or path- 
' cgen resistance. Seed from plants displaying the desired characteristics 
are then replanted, rescreened and the seed fran plants passing the screen 
are retained. After several years and many grow-outs of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 
TO is acconulated for ccimercial breeding. 

Several prcblers attend the method of obtaining a modified inbred 
com seed line as described abov-e. Inbred com lines are highly horozy- 
gous, or pure-bred. Such inbred lines frequently display low vigor, and 
as a result frequently produce few seed. If seed production is too low, 
15 successful large-scale production of seed derived from a single plant of a 
modified inbred line may not be possible at all. Even if the modified 
inbred is vigorous and prcduces adequate numbers of fertile seed, several 
years and many acres of lard are required to produce e^gh seeds to inske' 
conrorcial breeding possible. 

-20 Other approaches to the procreation of desirable modified Lnhreds 

have also been suggested art3 rely upon plant tissue culture techniques. 
In some of these apcroaches, cell cul.tures are subjected to mutagenic 
ionizing radiation. The desirable characteristic is selected or screened 
in cell culture. Cells having the desirable characteristic are propagated 

25 in c'jlture and ultimately regenerated to form seed-bearing plants (see 
e.g., Bottino ?. J. r "Ihe Potential of Genetic Mani^xil at ion of Plant Cell 
Cultures for Plant Breeding," Radiation Botany , 15:1-16 (1975). 

The feasibility of using selection techniques on callus cultures 
of certain ncn-corrnercial com inbreds and the regeneration of plants pro- 
30 ducing seed that carry the characterstic selected in tissue culture has 
been deTx::nstrated by Hitbert et al. (see, "Selection and Characterization 
of a Feedbao: - Insensitive Tissue Culture of Maize, Planta, 143:183-187 
(1980).) 
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Prior to the develoroer.t o£ the embryocenic callus line of com 
inbred B12 of the instant inver.tici, « friable cnbryoqenic callus culture 
or CTbryogenic cell susper^ion culture of a ccrroer^ially significant 
inbred com line has been described. With respect to embrycgenic callus 
5 lines of noncormercial com inbrecs, C.S. Green has described a friable 
callus of com inbred A188 capable of regenerating plants by sonatic 
efTfcricgenesis (see. Green, C.E., "Somatic Snbriogenesis and Plant Pegener- 
ation Fran the Firable Calus of Zea mavs L." in Proc. Sth Infl. Cong. 
Plant Tissues and Cells, A.kio ?\jji«r3 ed., Japanese Association of Plant 
10 Tissue Culture, pub. Ttokyo, Japan. 1932). Brtoyrogenic,. friable A183 

callus according to Green can be derived from spontaneous sectors of 

orcanogenic callus. Organogenic callus according to Green can be obtained 
as'follov.3. Limture zi^otic erirvcs fron the seed of sibling pollinated 
A188 are reroved fron t-he seed ani placed in a Murashige and Skocc (MS, 
15 see Murashige and S^oog, Phv-siolccia Plantariun , 15:426 (1962)) irediim, 
with 0.5 n>g/l 2,4^, 1 uti L-asparsgine, and 0.7% bactoagar. The L-nnature 
TT^otic enbrvos are incited at 28*0 --Ith 16 hours light per day. (See 
Springer, W.D. et al., 1979, "A Histological Examination of Tiss'oe Culture 
Initiation Frar, LTr^t'ure E^'ir^'cs of Haize", ProtoolasTia , Id, 269-281.) 
20 T^e scutellun of t.he priTiary rv^tic e:fcoo proliferates rapidly and fonrs 
an ..organogenic callus culture. The epithelium of tne scutellon beeves- 

hichly neristenatic. Apica r«ristens io:vi at u- =^^=v.= — 

a:ich is characterized by an extended cambial zone. Because no root pri- 
mcrdia are associate- with t-Se sheet pri-rordia, t.he callus is considered 
25 organogenic. 

Green's erbtyDgenic callus arises spontaneously as sectors grow- 
ing fron the established orga.-K-cenic callus or can be induced fron primary 
cultures with proline. Proline, however, dees not atrear to induce 

- eitevogenic callus in B73. Green's erbrycgenic callus appears undiffere.-.- 
30 tiat"ed, highly friable, has little organization on visual inspection and 
is fast growing, requirir^ sutrc^ulfuring at least every t>o v^)^. Tae 
eTibQogenic callus onture described by Green develops to the coleootilar 
staae cn MS or N6 median wich 2% sucrose and 0.5 to 1.0 ing/l 2,i-0. 
Itori^ developnent to the nuturs stage is possible if th.e enibryos 

35 are transferred to N6 mediun with 6% sucrose and no 2,4 -D. The mature 
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^-n be ir^ucei to geminate an MS or N6 median containing 2% 
er\br%os can tn^^n be incu^^u ^ 

sucrose without hcrrr^cnes. 

Gre-n also describes sus5«"nsion cultures of the erbryogenic line 

of A133 a«3 discloses that sod. su3E«nsion cultures can be maintained in 
of A138 ana ^^^^ ^.^^3 

5 MS mediim containing i mg/i 

^.ion cultures are plated onto solidified MS medion containing 2% 
sus^nsion ^ ^ 3^^^,,„ ^ ,^^3 fon. on the 

:XT^^^ryo. are transferred to MS or N6 .ediu-n with 6% 
callus s->^face. These ^ ^^^^^ 

sucrose for further develonnent. Mter i we^.-« . 

^^io' MSB « -tl™:. fro. ^^s. 

, ,:^,.,<..1«:cU^0...tic, , 54:209, .97,,. 0,11 

::rr :r...».» °" 

Fur-he-Tiore, the cells can be enz>Tnswx^a.lv t-^-ec 
agar :nediun. ^-^^^^^^ Proliferating cells 

p^topLsts,^^!* t.rn r^,e.o^_^^_ ^^^^ 

M. G. Meacows, ^ -iiSn 982/B3 ) . Other atternpts to 



(1982)). 



ability to c^ture somatic cells of inbred plants in vitro 
r Pl.t bUr to app. t.. tec^i^es o^ -^Tercr 
.0 ==e-fic breedir^g crobl^s in crop pla-nts. Included m the ge 

heterologus (see Szoka ct al., U. S. Paten. 
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Eurccean Patent .^z:?lic3t ion No. 90P33A) DMA. Furthermore, somatic 
cell cjlture enables the plant breeder to develop, select and propagate 
sanaclcnal variants having novel or useful agrononic characteristics. 

Ihe major obstacle to the application of these techniques to com- 
mercial com inbred 373 and sar^ other corrnercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The embryogenic com callus line and com cell 
line derived thersfrcm provided by the instant invention ina:<es it possible 
to apply somatic cell genetic techniques to a major camiercial com line 
for the first time. The particular uses to v^ich a cerea, and partioj- 
larly a com cell line such as the one described herein, can be put are 
outlined in nar.erous articles (see e.g., Eottino, P. J. "Potential of 
Genetic, Manipulatioi in Plant Cell Culture," Radiation Botany, Vol 15: 
1-16 (1975) and Vasil, I.E., "Plant Cell Culture aiy3 Somatic Cell Genetics 
of Cereals and Grasses," Plant Xrrcroven>erx and Somatic Ce ll C-^netics, 
.vasil, Ed.-, Acadanic Press, N.V. , 1st Ed., (1933) and "Tissue Culture Ln 
the Production of Novel Disease -resistant Crop Plants," giol. Rev., 
54:329-345 (1979)}. 

These uses incl^jde s^^lection at the cellular level of mutations 
for resistar.ce to toxic subst^\nces, such as herbicides and substances 
produced by plant pae:Ocens. Since the selections are carried out at the 
cellular level, it is likely that whole plants regenerated frori. the cells 
will show the selected characteristic. It is significant that such a 
si.-stt-. vould allow plant breecle^rs to select (or screen) for the desired 
characteristic from .snong thouGc-unds of cells Ln a single <^ture dish or 
.flask, whereas a large field plot u^uld be req^aired to select or screen a 
corresponding nanber of seed crcwn plants according to traditional plant 
. breeding methccs. 

It has, for example, been cemonstraced that com plants derived 
from Black I^xican Su^t com, a non-ccnr^rcial cjltivar, can be regen- 
erated frcm tissue cultures Out have been selected for resistance to 
lysine ard threonine anf that tissues of the regenerated plant likewise 
produce com plar.t tissue th.nt is resista.-.t to lysine and threonine. See 
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v\ ^ -cei-ct^on and Qiaracterization of a Feedback - 

^ utility of sue. select'ions carria3 out in callos cultures has 
also been denonstrated by the regeneration fron, callus o^lture of corn 
5 p IltTresistant to southern com leaf blight, a plant disea^ caused ^ a 
Xtoxin produced by the plant pathogen Hel^^nthosnoriu. n^vd^s race T. 

ir^^m callus to the pat^toxi. produced by the pl^t pathc^en, 
Tes^al callus was selected. Significantly, the progeny of certain 
rlsStl plants >«r. al« resistant to the toxin and plant path.cgen 
,0 "u! calt^e Of a com cell line is — --fi-— 

7 lor^nt Of oathocen resistant com seed.' (See Geogenbach et al., 
aevelop^nt of pat.^ ^^.^^^^ ^.^^ ^^^^^ ^^^^^^ 

rr.-gf DescristioP °g the Dravincs 
Figure 1 is a representation of an iso.y::^ pattern for esterase 
\s Obtained by starch g.1 electro^resis as ^rther described xn ^a^le 7. 

rinur» 2 is a representaticn of an isozy^ Pattern for alcohol 

w ,1 s as fjrther describea 

de.hydrogenase obtainei by starch gel ele...^.^ 

in Example 7. 

Figute 3 is a representation of an isoz^e pattern for gluta^ate 

• in«5 s-arA gel electrochoresis as further oescribed 

20 .dehydrogenase obtained by sparer, gei ei . 

in Exarnple 7. 

Fla»« 4- is . »E.:e«nt.tion of » E«tt^ 

Exarrple 7. 

Sunmarv of t he Invention 
T^e present invention canprises tissue cultures of com inbred 
B73 ^-e tiss-oe cultures are characterized as e^r^en.c callu 
. Tr^ nbred B73 and cell suspension cultures derived fron t.he 
™fc Tal^ .^Je Of com in.red 373. As used herein, .he ter. 

callus- is defined as a friable call. havi. no v.s.le 
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plants. 

■ -variation" is defined as phenotypic 

sist only so long as t..e cs.j. 

.ent are referred to as physiological responses. 

.-Oene^ic variation" is used herein to describe ^^^^^ 

° 3ti. rs..ny — J fe":::^^^^^^ 

cultured cells or tissues. l^o_t- . .^^^ittrf ir.eiotically 

. u -—-er-at-i", referring to plants, 

AS used herein e-,e terr, r^,e..- ^..^ t-=T> "orcceny" 

■ ■"o,-t-c^ssi'>9 of t>.* regenerated plants, 

crossing cr out-cross x.ny v 

u -clone- refers to callus or cell suspen- 

tically is a o^necticn ^^^^^^'^^^^^^^^ such as 

clumps or ^^^^"\°^=;'^'^",,,e^.ted with 0.25 to 1.0 ^1 2,4-0 
„ „«diu.n or N6 .«1i- tha. h^ ^.^ 

^ - (wt/vol, sucrose^ - ^ - ^^^^ ^ ^^^^^ 

friable, i.e.. e^^^V ''"'^^ ontinoous eoidennal layer is 

cells, under .he light .croso^pe, ^ o.^^^ ^^^^ 

visible i. the enbriojenic c.ll^-^^^ ^^enic callus is rapid, as ^a- 
30 yellow-brov.-n in color. . ^rvocenic callus grov« a^out 3 

sured in fresh -..ight ^JZ^.^,, O^ich it arose. As 

ti^es faster than the organcc.nic callus culture 
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a consequence of its crov^xh rate, the eri:riTxenic call-^ neecs to be 
transferred to new median every 1-2 weeks. 

The anbryogenic callus is further characterized by the absence of 
differentiated plant structure such as small sheets or their priinordia, 
5 roots or their primordia, and meristems. A characteristic of cell suspen- 
sions derived fron the callus is the production of a mcilagenous poly- 
saccharide in media containir^ sucrose and 2,4HD. This pDlysaccharide has 
been identified as a glactcse-mannose polymer. 

The iTost notable characteristic of the embri-cq'enic callus is its 
0 formation of embryo-like structures. The embryc^like structures- are com- 
pact anf globular. By transferring the globular structures to a homone- 
free medium such as MS or N6 rredium, some of these globular structures can 
be induced to fcnn plants. The plants can be transferred to soil and 
fertile 373 com plants are cbtained. The progeny of these regenerated 
5 plants are substantially identical in fom to seed^rown 373 plants. 
Thus, -the invention encoTTpesses com plants regenerated from an embryo- 
genic callus of com inbred 373 and the prcgeny of the regenerated com 
plants. 

; rt-*--*^*- c^^uo- ,^>mT^r-i ces eT^br^.'ccenic cell suspension cjI- 

0 tures of CTfcryogenic csllus culture of com iVired B73. Unexpectedly, 
these cell cultures retain the ability to recenerate viable B73 corn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated frcra friable B73 callus maintainefd on ^5S medium. Ihe friable 
callus is transferred into a msaim suitable for rnaintaining suspe-ision 
S culture, e.g. MS median with 2 mg/1 2,4-C, and is placed on ^ cyrotary 
shaker at 130 rpn at 28*C. Cell suspensions are induced to fonn globular 
eiTbryos by plating on solidified MS -or N6 median containing no horTTones 
and 2-5% sucrose. Globular enbryos' are transferred to solidified MS or N6 
median containing no honrcoes, 2% sucrose and optionally charcoal added to 
10 afsotb residual horrnones, any, and plantlets fonn on this median. Thus 
the invention enconoasses com plants regenerated from an enbyrocenic cell 
suspension of com inbr*3 373 arri the progeny of the regenerated com 
plants. .• 
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n^e inverxion vdll be better onderstood fron the following exa-n- 
ples whiCT are inte.tJed by the inventor to be exef^.plary only and non- 
liniting. 

EXAMPLE 1 
Initiation of Orcanoqenic Culture 
Plants from maize inbred line B73 were grown to maturity in a 

5 greenhouse supolenented with metal halide lights (15 hours/day) and main- 
tained at 30 -C during the day and 21 'C at night. These plants -were self- 
or siblina-pollinated. Smiature z^^otic eririos 1.0-2.0 milli-neters (m^) 
in lenoLh (12-14 days post pollL-.2tion) were aseptically reirc-^ed froa-syr- 
face sterilized kernels and placed flat side 6o^ cn the initiation medium 

10 which contained MS salts and ys vitairir^, 150 mg/1 a^aragLne, 0.6% agar, 
0.5 ii«/l 2,4-D and 12% sucrose. All culture median had been adjusted to a 
pH of '5.8 prior to autoclavLnc. Cultures --^re incabated in th.e dark at 
23'C for 2-3 weeks, when a cor.pact i.r.its tissue proliferated^ fron the 
coleorhizal end of the scutellra. Tr^e zygotic srbr^nic "shoct axis --^s 

15 not part of the proliferating tissues. Ti-e white compact tissue ^iA was 
ceased of snail paranchy-a-lLke cells with meristematic regions was 
covered by an epidermal layer. Nu-T«rcus root meristers, occasional shoots 
and starch grains --ere seen in this tissue. White cc.T,pact tissue was • 
rer«ved frc« the enbry^s, transferre3 to a mainter^nce mediur,, «^.ich was' 

20 tne same as the initiation rediu:. but included 0.5-1.0 mg/l 2,4-3 ana 2% 
sucrose, ard cultured u«3er Agrolites (1500 I'ux) az 28'C. Cultures «re 
transferred to 'fresh nsdium every TO-20 days. 

Tt« conpact tissue produced on the. initiatioT median- beca^.e 
extremely heteroceneo'us ^*e^ transferred to th.e maintenance .-redivm.. 
25 erous shoots, roots, as well as friable a«3 canpact green tissues became 
- visible. Leafy and rooty tissues -.^re carefully removed and discarded 
fron the compact orga-icgenic tissue at each transfer. 

After or.e year of continuous selection against non-regenerating 
regions a«3 roots, 'tt* resultir^g organogenic tiss-ue was dark green, ccr^ 
30 pact, convoluted and covered by a v^ll-^efined epidermis. IT. is epidermal 
layer remained cor.tinuous even in zones that produced shoot meristc^s. 
tteristsnatic centers were corrcn beneath the epidermal layer. This tissue 
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was characterized by an extKmely slow qro^-t-^ rate vhich co'old be 
increased by the addition of 9 ng/l zsatin. Tr.e addition of zeatin also 
reduced the quantity of tissues nonnally selected agaL-^t. 

EXAMPLE 2 

Initiation and Selection of arbry ooenic Callus 
A friable, fast-growing callus was selected from the organogenic 
5 tissue after o/er one year in culture in the following manner. The 
organogenic callus from O^ich the embryogenic callus was isolated was 
transferred to maintenance rsdici. contining MS salts and MS vitamins, 150 
mg/1 asoaragine, 1 m=/l 2,4-0, 1 mg/1 3,5-^ichlorophenxy acetic acid 
(3,5H3), 2% sucrose and 0.6% «shed agar. The organogenic callus was 
0 transferred after 3 weeks to fresh nedian having the same cotr^onents. 

After a total of 5 weete or. the mediu::!, the enbrycgenic callus 
appeared as snail isodii^tric cells havii>g dense cytoplasm and large 
nuclei on microscopic exsr.ination. The sectors v«re er-bedded in a 
mucilaaenous iratrix. Th^ sectors and m;cilagenous matrix v«re reroved 
5 from the surTOU«3ing corpoct organoge.^ic callus wit^ sterile tv^zers or 
«ere renamed by scraping with a sterile scacel. The sectors and mucUa- 

^ *T .-y^ -,a,'r.hflni.no= mpr! i um as described abcve but 

genouS iTiat-riA ^^j-e 

lacking 3,5^. Friable erbrycgenic callus grew a=proxit.ately 3 ti:.es 
faster than the organoaenic tissue on the maLntenance median with 3,5-D. 
.0 Although the erfrr^enic callus was initially isolated from an organogenic 
callus that ha2 been qro-^ cn maintanence medium incla3ing 3,5-0, ercryc^- 
genic sectors have been subsequently isolated from organogenic callus that 
has been maintained without 3,5-D. These isolates, however, tend to 
rapidly organize and cannot be maintained. 

EXAMPLE 3 
Initiation of Suspension Cultures 
25 One anf seventy-seven one-hundred ths gran (1.77 g) of friable 

caius tissue fran com irbred B73 was inoculated into 25 ml of medium 
having the following cortccnents: 
magnesian s'jI fate -sever hydrate (hfcS04.7H20) , 
calcian chloride-dihydrate (CaCl2-2H20) , , 
30 potassiun nitrate (KNO3), 



n 
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arTTtDni'jn nitrate (NH4NO3), 
potass ion phosphate CKH2PO4), 
manganese sulfate-four hydrate (MnSO4-4H20) , 
zinc sulfate-seven hydrate (ZnS04-7H20) , 
5 cupric sulfate-five hydrate (01304-5 H2O), 
cobalt chloride-six hydrate (CoCl2-6H20 
potassium iodide (KI), 
boric acid (H3BO3), 

sodian itolybdinun oxide-dihydrate 'I?a2Mo04*2H20) , 
10 ferrous sulfate-seven hydrate (re504-7H20) , and 
sodian ethylenedia-riinotetracetic acid {Na2CTA). 

In general, as used in the invention, the exact concent-ration of the salts 

can be varied within limits without departing from the invention. 

standardize the making of the' madia, however, the concentrations of the 
15 above listed minimal salts art as follows: 

i^S04-Tr:2O 370. milligrams/liter {wg/1) 

Caa2-2H20 440 nq/1 

KNO3 1900 mg/l 

NH4NO3 1650 irg/l 

20 KH2FO4 170 nxg/l 

MnS04.4H20 22.3 ttc/1 

2nS04-7H20 8.6 mc/l 

.COSO4-5H2O 0.025 mg/l 

CoCl2-6H20 0.025 mg/l 

25 id C.83 iTjg/^ 

H3BO3 '5.2 mg/l 

Na2to04-2H20 • 0.25 mg/l 

FeS04-7ri2O 28.75 mg/l 

Na2ErrA 37.25 mg/l 

30 The median further contains the following vitamins, honnones c^d 

carbohydrate sources: ' .* 

Ihiamine-HCl 0.2 mg/l 

Pyra3oxin-HCl 0.::5 mn/r 

NioDtinic acid mg/l 

35 Calcium pantothenate 0.25 mg/l 

L-asparagine 132.0 mg/l 

2,4-0 2.0 mg/l 

sucrose 2% v^ight/vol'jne 

pH 6.0 . 
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The triable e^r,.-cenic callus and n^dion are placed in a 100 nd 
Oelong flas. Ir^ are inc^ated at 27-C on a gyratory sha:<er at 130 rp. 

5 into 50 na of the san>e neiia in 250 ml ttelong flasks. 

^ryos a« generated fron the session cultures by re^i^ a 
.ne nd alK^^fra. a 7 day old transfer an3 placing it on a solid plant 

- rn^iHontaining no hor::>ones and 2 to 6% sucrose as descr:b«. ^ 
Ejcanple.6 below. 

Fill rnn--n i=>^>-'^'^ and Plantlets 
15 dav old sus=er.ion culture having a voiur.e of approximately 

at 1000 rpn for 5 minutes, i^e ^.ul^^ . . ^ cnr-r-nce 

L .«.:=.^ed in 25 ^ of ho^rone free N6 n,edi«, cor.ta.n.ng 6% s^c^-e. 
^ ^ was disc«nsed onto solid N6 iDeaium con- 

Krolites »c 1000 to 3000 to lot IS hours a aay. ^ 

. ,™„ r»se globular struotorss renovrf transfectrf to 
■ ^t.^^ Ll» wit. 2, so=»« aM 0. U. charoo.1. «t.t S aays 

shcot-s and mots v«re observed. 

EXAMPLE 5 

-,n-n suspension Cultures 

r^Tsusoension ,n.intained as a sus^;;!!;^^^^---^^ ^ 

^n.s) ^ centrif-^ed at 1000 ^^^.l;^^^^^ Z:^^ to 
•mpse c-lls we-e then weighed and diluted with hotrone free s 
3. r^o:;t"ti„ o. >00 ^ o,Us« -=o„-- - 
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of .edi.^ (100 r:^ cells) ^ plat«3 onto no honncne N6 me3iun with 2, sue- 
rose, O.U charcoal, cH = 5.8. 

These o. -.es v*re inai«ted at 28-C in the dark. After ore 
.ronth, globular structures forced v*.ich «re then transferred to fresh 
„«diun a«3 placed under ;^rolites. After approximately 3 weeks, many of 
these structures had developed into plantlets. 

EXAMPLE 6 

»^.n.r..ion of B73 Ply ^« from E.TbrvocPnic Callus Culture. 
a,e hundred mg of friable B73 callus/?etri plate was placrf on 
N6 mrfio^ wit. 4% sucrose arri rc hocTTones. these plates ^re incubatS at 
28-C in the dark. After 27 dav-s nonerous planUets were renxrved and 
transferred to plastic tiss^ culture texes (about 3 indhes x 3 inches x 4 
inches) containir>5 50 irl of hcr::o.e free M.S. n,ediun, vith 2% sucrose. 
Aft-r aa:roxi;nately one n«nth, six of these plants ^re trar.sferre3 to 
pots in the greenhouse. All of these plants v«re grov.n to maturity. 

EXA;^L5 7 

IsozvTne Conoarison of Bri^riC^enic 373 Callus Culture 

and Non-H^rvccenic 3/3 tissue^ ^ 

Between 0.3 and 5 grr:^ =f 't^^ =^m inbred 373 tiss'oe indicated 
i below were claced L. an equal v^icht of tanogenization buffer o^ntain^ 
w/v s'ucrcse, 8.3% w/v .scrbic acid at pH 7.4, and ^^^^^^f 
using a I^r.er tissue hanogenirer. The hanogenate w^s prepared for search 
ael electroohoresis a«3 the resulting gels -^re stained for esterase, 
iriguro l)/alcohol det.itirogenase (Figure 2) clutamate dehydrogenase 
(Figure 3) and /f-^luc=sidase (Figure 4) as described by Goodran et al. 
in Genetics , 96:697-70. In Figures W below, "the tissues were grown as 

Z'a°^''. taken directly fra« 6 week old greenhouse maintained 373 plar.ts. 
^tile - taker, fror. sheets sLx da^^ after cer:.ination fran seed 
5 cv^ts - taken from nature B73 seeds one day after soakir>g in distiUeo 



-follows: 



water. 



Scutellum - taken from nat-ore 373 e^r>c one day after soaki^ in dis- 

tilled water. , 
Zvcotic ETbryp - ti^n 19 dav^ after pollination. 
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IiTT^ature Z-^ctic E^r.o Rescued ■ taken 12 days after pollination an2 then 
transferred to the mediijn of Example 3 for 7 days. 

Er^rvccenic - - friable enbci^enic callus tissues of B73 that v^re 

maintained on the rredim of Example 3 without 2,4-D for 19 days. 
5 Embryoqenic + 2,4-0 - friable embryogenic tissues of B73 that were main- 
tained on the median of Example 3. 

Oroanocenic - ornanogenic tissue of B73 that ^re maintained cn the medium 
of Exanole 3. 

Figures 1-4 aru representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns shew the following results: 

Esterase - Figure 1 - Embryc^enic cultures gave the same isozyme 
patterns as rescued zygotic embroyos and organogenic cultures gave the . 
same isozyme pattern as nxat^jre leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 enbrycgenic cultures cn nedioii without 2,4-0 gave the same isozyme pattern 
as zygotic eipbryos, but eiT^ryogenic culfures on the same medium containing 
2,4-0 did not. 

Glutamate aenyt::rccenase - nguie -> - o.u-/i.jw^c..*c , 

medium without 2,4^ gav^ the same pattern as zv^otic embr^ros, but eT^ryo- 
20 genie cjltures cn maintenance nedium with 2; 4-0 did not. 

^ ^ucDsicase - Figure 4 - enbr^^enic aa3 crgancgenic cxLture 
gave the sai^ pattern as colecptiles but a different pattern than zygotic 
embryos. 

These results supcort the characterization that regeneration 
25 frcm enbryogenic cultures proceeds b>' a type of scmatic ^bryogenesis. 

Ihe presence of isozymes usually associated with colecptiles suggests that 
the tilling of eroryogenic developmental events my be different than that 
of of zygotic embrjcs. 
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EXAMPLE 8 

Characte^i^tion of Polysaccharide Secretion PrcxSuct 

Characte-iM „f Errfar.wnic B73 Tissues 

r~ 7-^;,v^ld erbrvogenic cell suspension of com inbred 

B73 was transrerred mto a f 5 ^^^^ 

- cultures .re .rc^ . U^^^^ ^ 

, aays, cells ^ J^^^^ .^^^^ ^ e.en diluted 

5 tion or ^'^'^^''^-^llt^X^^ ten^rature with stirring A 
- .-^'-^ ' °' 1^' L collected c a glass ra3, v«sh^ in 

• TZ IrZi^"^ ^essicator o.en.- T.e dried_precip- 

absolute ethanol end .^^v-ioric acid for 6 hours at lOQ-C 

. ,..e was ----^^11 ^'^X^,, nc nat,.al ab^ance nuclear ■ 

,0 and the -^"^^ ^ i;:;^^. , ^_,00 s;.ctraneter. 

magnetic resonance (ijc-n.--<) cr. 

V, .-^^ ■^^ ident^ ned as a oolyirer cororising galac- 
The polysaccharide v«s ident-.ea ^ 

tose a. ^se in a.ut a ^^a^s^^^^ 

^siti. Tg~rc^cid, .nd «rn h.l.^.. -^ch 

15 pol-i^er abundant in fucoso -nd g_ac ^. 
contains xylose, arabir«se a.nd galatose in a 7.5^ I'Tj^,^,^ 

' Ti ^TTIIItT^^hi I'sripa Cor?.. Ne-'' YorK). 

r ^r^ Source Utilization 
s^.^;;;^^tures of com Lnbred B73 were washed 

/ « .rvi =late3 onto the median of Example 3 tnat 

20 in carbohyf rate-free medi-^ aru plate3 o the 

J --i-K n washed agar -and containea w/v 
t^n souaifxed J , ^,ow. Colony gro.^^. 

filter-sterilized test corocunis lis.ed uao 

11 =.f-or wp-ks and 9 weeks crov^th m tne aa..-w 
was assessed visually af .er - -^eeKs anu 



27 "C. 



25 



^e toxicity Of oalactose in .he presence of -^^^^^^ 
■ c^r^nsion cilf'^es of com inbred 373 by incorporating 
on errbriogenic suspension c.a.. containing 2% w/v 

, ^ m 1 CO f^% w/v) into the n^i^ ot -xanuj., 
galactose (0.1 to 6% w/v) ^^^^^^ ^ ^^^^ 

sucrose. Growth was measured bv packed ceil vo 

inc^ation on a sha;<er at ^''C in the light. 
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TABLE I 

0^. ^^enic ,e C,^ - -i^ «uc«s 

B73 Cell Growth 
relative to rn^^^hvHr;^t&-Free Control 
■ c^io r^bon source , R elative to ^.--^^ 

sucrose 
D-^lucose 
soluble starch 

D-(+)-^alactose ^ 
-lactose 

D-sorbitol ' ^ 

L-prol ine ^ 



0 (control) 
L-{+)-arabinose 

myo- inositol 
-D-(+)-fucDse 



0 
0 
0 
0 

L-glycine ^ 
L-arginine ^ 



L-(-) -xylose 



0 



D-(+)-mannose ^ 
DL-iT^alic acid 
D-inannitol 
L-C-)-&orbose 

-L-rhamnose 
L-^3lutamic acid 



+ = Visibly detectable QTOwth* 

Most Of the crtcn sources did r«t supccrt growth of the cells 
V. Jfcr^ v«s C6.ain«3 with sucrose ar^ glua=se. Soluble starch 
^ J^lTcf he cell line- after an initial lag period, ^e 

I^TJ^it J ^ sorbitol but growth . proli. and 

rac'r rethrvoge^ic'com cell line of B.3 sho^ l.ited growth 
response to galactose. 
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The embryogenic callus of com inbred B73 which crew on starch- 
ccntaining plates appeared to lace Lhe cal ac tomannan secretion preser.t in 
the plates containing sucrose or glucose. Suspension cjlt^jres of the saTie 
tissue growing cn starch protSoced no detectable aniounts of galactor^annan. 

S<r.MPLE 10 

Plants obtained in Sxsnple 6 were grown in the greenhouse and 
were either self-pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated RiSi for 
self-pollinated, HiBCi for bac^crossed and RiSibi for sibling pollinated). 
The com progenies were produced from four regenerated plants. Tvo-cf-the 
regenerated plants were self -pell inated using the rain stem ear and a 
tiller tassel. Because of as\7x:hronous emergence of tassels and sii:<3 and 
frequent occ'jrence of tasseWars, the remaining regenerated com plants 
CDuld often not be self-pollinated, but L-istead -^re used as fer.ale 
parents in crosses to seed-cron 373. 

The seeds prcduced wers crov^ out in the field bet'-^n Dece-rb^^r, 
VS83 ard hfeirch 1S84. Plants wre evaluated in early February, -which was 
approxrnately tvo weeks post-pollination for the com. A total of ten 
rows of regenerant progeny wore planted out ear-to-row. In addition, t*^ 
seed-grown' plants used as male parents in crosses ^^-Lth the regenerants 
were also self -poll inated* and used as check rows. Traits examined 
incl'jsed: plant height, ear height, sterr. diameter, leaf nvrroer .and any 
evidence of single gene irutaticns affecting "plant appearance. Tvnile sor.e 
rows showed evidence of salt stress, no differences could be seen bet*«een 
the R^Si, RiBC], and RiSib^ prcceny and the seed-grown check rows. 

Fran the foregoing it will be apparent to those skilled in the 
art that OTbryogenic tissues a.nd cell suspensions of ccm irired B73 will 
enable plant breeders, practitioners of methods of plant tissu-e and cell 
culture, and plant nolecular biologists to carry out major iT.provements Ln 
this valuable and widely used com inbred. The embr>-cgenic cultures of 
'com inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to in vitro mutacer^sis to induce vari- 
ation in com plants regenerated therefror.. >^ethods for chemical ar.d 
physical mutagenesis as well as cell culture techniques for the recc-very 
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. .rp well '-c^wn to those skilled in the -art (see for 

oe aesira^le n^tants ^^^^ ^^.^.e^lly t.e..l >.ta- 

ex^le: ; «ethanes-^*onate , " Genetic, 

tions Ln Ma^ze ^J^^J;" ^^^^ »H.3.ination of W.9 

p-.ant Breeding , 8.282 23U l ^ -„«:,.-nce " Induced Mutations 

^^2^^^^^^^^^=^^^^^^^^^ isolation of Mutants fr.. Plant Cell 
suspensions, r^^r ^^^^^ _ ^ ^3,33. 

10 n^nt.- Z,__llS-enzu^ H'^ suspensions.. and corn 

to encompass mutagenxzed B.3 .xssue 
plants regenerated therefron stkI the nu.an. or ar 
regenerated com plant:3. 

v^oTe plants from th.e efir,ccenic 

a.bo.rt « ^. »^ . ,„„,.si«.^ cultures of co» .rj=r.d 

05l,.g the «i>oo;enic -iss^ _ ^^^^ ^.j,,^., „j ^ 

- Hi-- invent ica, it is ^^'^ 

20 oz t..= herbicides and patno- 

^"^"^ r^rl^ cTirs resistant to .e selective agents .nd 

toxins, to select ^,,^3. Thus; cons.cered 

. to regenerate P^-" ^^enic tissues and 

wi.nin the -^^^ ^;!3^-;,^ the. com plants and seed • 

25 cells of com ^^^J^^ ^ ' — of the regenerate com 

thereof regenerated -ner^t.-* 

plants. 

^. will also t« readily a^rent to those skilled Ln the art 
that ..ry;enic tissue cell suspensi. :rjra:rs ^ com 

30 pr^ides o^rt.ity ^ ^-^^^^^ c.ture a. cell 

,...ed 373 ----- ;ror;d ^y .he instant invention, 

sus^nsion cultures o ^^_^^^JJ^ e«se skilled in t:^ art 

such stable sor^clona^ variants - ^ ,,^ency of 

as ex^lif.ed in Edallo ^- J^^ ^^^^ n.nt 

35 Spontaneous Mutation Associated wi.h t..e 1 
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Rege.neration Maize," Mavdica 26, pp. 39-56 (1981 ); 3eckert et al., 
"Etude de la Variabilite Genetia:e Cbtenue O.ez le Mais Apres Callogenese 
et Regeneration ds Plants in vitro , Acrorxjr.ie 3, pp. 9-18 (1983); and 
Larkin et al., "SoP^-clonal Variation - A Novel Source of Variability frcni 
5 Cell Cultures for Plant Imprtvenent," Theor. Appl. Genet. 60 , pp. 197214 
" (1981). A large bodi' of literature in fact suggests that plants regen- _ 
erated fran culture ate characterised by an unexpectedly hi^ rate of 
■ . stable propagatable chenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Hegenerated Kaize Inbred," 37th Ann. Com & 

10 aorghum Research Conference (1983). Thus it is now passible to provide 
progeny- with genetic variations arising fran somaclonal variants regener- 
ated fran com inbred 373. Such characteristics ray be stably mainteiBed 
in the second generation progeny of the regenerated plants and will 
generally exhibit either t^rdelia.n segregation (e.g., 3:1 ratio for single 

15 gene traits) or anifot:n expression since sanaclonal variation arises in 
diploid cells ard ir^y generate tatior/gous variar.ts. Thus, the Lnve.-.tion 
is considered to enconcass scmaclonal variants of the embryogenic callus 
and cell suspension of com inbred 373, com plants 'and the seed thereof 
regenerate therefran and the progeny of the regenerated com plants. 
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CLAIMS: 



1. Q^brTcgenic callus and er>brvcgenic cell suspensions of com 
inbred B73 and the clones thereof. 

2 Com plants and the seed th.ereof regenerated from enbry^ 
genie .callui an3 enbry^enic cell suspensions of com inbred B73 and the 
5 clones thereof. 

• 3. Hutagenized er^rvogenic callus and mutagenized cell suspen- 
sions of com inbred B73 and clones thereof. 

- 4 com plants an3 the seed thereof regenerated from mutagen- 
. i^ed enbrv^enic callus ^ .ut^enized cell sus^nsic. of com inbred 
10 B73 and the clones thereof. 



. 5 P^oceny of com plants regenerated frcn eri=ry=genic callus 
^ e^r^inic^ll susp^nsior. of com inbred B73 an5 clones thereof, 
said pr<>geny ir.cluding mtants and variant progeny. 

, of com inbred B73 having the character- 

■ •■ ^ n Pmbrvccenic callus of com inbred 373 deposited tne 
,S - ^nd 

ru rsTio^rrive. fro. said ^^enic callus ^ clones of said 
e;;bri03e;ic callus or enbrvogenic cell suspensions. ^ 

7 com plants and the seed thereof regenerated from the 
20 ^.yr^enic'callus an. e^t^enic cell suspensions a^ clones of saxd 
i^enic callus or ^e^ryo^enic cell suspensions of aa.. 4. 

' ' 8. Mut^enized erbr^enic callus of com inbred B73 said 

K n^c callus of com inbred B73 havirvg the characteristics of an 
T^Z c cTZ com inbred B73 deposited i. the .-ricah Type 
ert3ryogen.vC callus or <^ mutagenized cell 

25 culture Collection under AICC ".^J ^^^^ J 

suspensicns derived f ran said enbrycgenic callus and clones 
e^zed enbr-^enic callus or ^^rycgenic cell suspensions. 
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9. Com plants and the S4>?d thereof regenerated frcn the iruta- 
genized e^irN-cgenic callus esd mutacenizcd cell suspensions and clones of 
said ojtagcnized eri>rvogenic callus anvi nxitagenized errJbrvogenic cell sus- 
oensions of Claiju 8. 

5 10, Proceny of corn plants regenerated from enbryogenic callus 

having the characteristics of an enbr^\xjenic callus of com inbred B73 
deposited in the Ai^erican Type Culture Collection under MCC Accession 
Nunber 40116 or regenerated frcm cell" suspensions derived frcm said 
enbryogenic callus having the ^laracteristics of an erri^ryogenic callus of 

10 com inbred B73 deposited in the ^JDerioin Type Colture Collection under 
AICC Accession bU-:\i:«r and clones thereof, said proceny including 

. mutants and variant progeny. 

11. An enbrvogenic callus of com inbred 373 as deposited in 
the Psrezican Tv-pe Oilture Collection under ATCC. Access ion NirrMr 40116, 

15 cell suspensions derived from said eri:r>wenic callus and clones thereof. 

12. Com plants and seed Uvsrcof reger^erated fron the embryo- 

■ genie callus of corn inbred 373 as deposited in the AT;erican Culfjre 
Collection uri^er AITT Accession N-^-bcr *10116 cell s-spensicns • 

derived from said enbvroc'enic callus and clones thereof. 

20 13. Mutacenized er^r\wenic calTus of com inbred 573 as 

deposited in the A-nerican Type Culture Collection a-der .^-TCC Accession 
n\z?ber 40116, mutacenized cell susccnsicns derived from said er-i^rj^ccenic 
callus ard clones thereof. 

14. Com plants ard the sc':rd thereof rsgenerat&d from tne ruta- 
25 genized callus, rr.utac3nizcf. cell suspensions and clones of said mutagen- 

' ized enbryogenic callus aj-d irrjtagenizod ^vbi-yoqenLc cell suspensions of 
Qaim 13. 

15. Progeny of com plants regenerated from the errhrycqenic 
callus com inbred 373 as deposited in tSi A-nerican Type Culture 

30 Oollecticn under ATCC Accession Na-nbor 40110. cell suspensions derived 
fron said enbryogenic callus aa-! ciooct^ dier-of, said progeny including 
mutant and variant progency. 
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